WHITE SHARK PREDATION ON PINNIPEDS
IN CALIFORNIA COASTAL WATERS

White sharks, Carcharodon carcharias, prey on
various fishes, sea turtles, whales, dolphins, and
on several species of pinnipeds (Allen 1880; Elli-
ot 1881; McCormick and Allen 1963; Davies 1964;
Nishiwaki 1972; Ellis 1976; Ainley et al. 1981;
MeCosker 1981). Data on pinnipeds preyed upon
by sharks in California waters are meager and
many aspeets of the predator-prey relationship
are unknown.

Four types of evidence indicate that sharks
prey on pinnipeds: 1) Pinniped remains in the
stomachs of dead sharks, 2) observation of seals
with injuries inflicted by large sharks, 3) obser-
vation of shark attacks on seals, and 4) the pres-
ence of sharks near seal rookeries at a time when
seals are present. We report evidence of the first
two kinds regarding shark predation on north-
ern elephant seals, Mirounga angustirostris, and
harbor seals, Phoca vitulina.

Methods

Five white sharks caught in southern Califor-
nia waters in 1975 and 1976 and two white
sharks that washed ashore in central California
in 1977 and 1978 were examined. The fresh dead
sharks were weighed, measured, and their sex
determined. Stomachs were dissected out and
contents identified, and in some cases, weighed
and measured (Table 1).

From 1968 to 1980, shark-bitten elephant seals
on Afo Nuevo Island and the adjacent Afio
Nuevo Mainland in central California were

counted, photographed, and identified individu-
ally, and their behavior was monitored. This was
accomplished during daily censuses conducted
each breeding season from December to mid-
March and during weekly censuses conducted
during the remainder of the year. Only seals with
fresh wounds judged by their pink or bloody
appearance to be less than a few days old were in-
cluded in the sample. This gives us confidence
that our subjects were injured near the study
area. We did not census animals with old scarsor
healed injuries, whose origins were difficult to
ascertain. Shark injuries were differentiated
from other wounds, caused by boat propellers or
intraspecific fighting, by their oval shape and
the jagged serrations caused by the predator’s
sharp teeth. Both slight and serious wounds were
included. Slight wounds consisted of superficial
tooth punctures or scrapes across the skin; seri-
ous wounds involved deep bites and tears. Seri-
ously wounded seals had large flaps of flesh
exposed or chunks of flesh missing. The di-
mension of bites was measured on a few dead
seals.

We marked and followed 11 females who sus-
tained moderate to severe shark wounds when
pregnant just before arriving on the island to
give birth. Their pups were marked at birth and
the pair was observed until the filial relationship
ended. Northern elephant seal females give birth
within a week after arriving on the rookery. A
female nurses her pup daily for about 4 wk before
weaning it and returning to sea (Le Boeuf et al.
1972).

A similar search for shark-bitten harbor seals,
which breed at Afio Nuevo Island and numerous

TABLE 1.—Stomach contents of white sharks collected off the California coast from 1975 to 1978. Specimens
1-5 were collected by Sea World of San Diego, no. 6 by K. Skaug and M, Riedman, and no. 7 by an anonymous

fisherman.
Total Weight
Specimen Date of length of shark
number collection Laocation Sex {m} (kg) Stomach contents
1 24 June 8 km northeast F 39 6237 Anterior portion of stomach contained har-
1975 of Santa bor seal remains (18.2 kg). Posterior
Catalina Island stomach held unidentified pinniped.
2 1 Aug. 110 m west of F 24 138.8 A 4-in patch of pinniped pelage.
1975 Laguna Beach
3 6 Sept. Near Anacapa Island F 49 1,428.8 Harbor seal, well digested.
1975
4 7 Sept. 11.3 km southeast F 5.0 1,560.4 Skull and posterior portion ot ajuvenile ele-
1975 of Anacapa Island phant seal, plus large amounts of fur and
digested material.
8 13 June West end of F 5.5 1.882.4 Nearly digested. Bulk suggested a large
1976 Catalina fsland animal, probably a marine mammal.
6 3 Feb. Afo Nuevo Bay F a7 ? Appraoximately ane-third of a recentiy eat-
1977 en 4-yr-old male elephant seal.
7 25 Sept. 1.6 km offshore M 38 540 The head of a harbor seat.

1978 near Aptos
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other locations along the California coast, was
not conducted.

Results

Table 1 summarizes data obtained from the
stomachs of seven great white sharks examined
shortly after they washed ashore dead or were
captured at sea. Four points are worth noting:

1) Six stomachs contained seal remains, three of
harbor seals and two of northern elephant
seals.

2) Large prey was consumed. On the basis of
tooth annuli and head and probosecis size,
we estimate that specimen no. 6 (F'ig. 1) con-
tained the remains of a male elephant seal,
4 to 5 yr old. Intact, this seal would have
measured approximately 3 m in length and
weighed 450 to 680 kg.

3) The dimensions of the barely digested mate-
rial in four of the shark stomachs indicate
that the prey had been consumed in large

pieces. For example, the stomach of one spe-
cimen contained the entire head, unmarred
and severed cleanly at the neck. Both hind-
flippers and the tail were covered with hair
and still attached to a segment of the sac-
rum. Also included were both foreflippers,
one attached to a large piece of flesh con-
taining the shoulder, a large portion of the
midsection including six vertebrae, and
several pieces of flesh and fur in various
stages of decomposition. The elephant seal
material weighed about 225 kg.
4) Six of the seven sharks were females.

The majority of the shark-injured elephant
seals were observed during the winter breeding
season. Only two recently bitten animals were
observed on Afio Nuevo Island in spring, despite
the larger number of animals present at this
time compared with the breeding season (Le
Boeuf and Bonnell 1980).

Fewer than three victims per breeding season
were observed from 1968 to 1976. From 1976 to

FIGURE 1.—A moribund great white shark (Specimen No. 6 in Table 1) that washed ashore near Afio Nuevo Point shortly after
having consumed approximately one-third of a young male northern elephant seal.
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1980, 44 elephant seals with shark-inflicted in-
juries were observed (Table 2). Most of the ele-
phant seals bearing recent shark wounds were
adults. Males incurred the highest injury rate.
Even the largest adult bulls, measuring more
than 4.9 m and weighing between 1,800 and
2,700 kg were observed with shark bites (see Fig-
ure 2a). This may be due to the male habit of
spending more time in the water near the rook-
ery during the breeding season than females.

TABLE 2.—Shark-bitten northern elephant seals
observed on Afio Nuevo Island and the Afio Nuevo

Mainland.
Adult Adult Juve-

Year males females niles Pups Total
1976 3 3
1977 3 4 1 8
1978 1 7 1 9
1979 5 1 1 7
1980 16 1 17

Total 25 16 2 1 44

Shark bites were located on diverse areas of
the body but rarely on the head (Fig. 2). Possibly,
frontal attacks were less successful or head bit-
ten seals simply did not survive the encounter. In
many cases, large pieces of blubber were missing
or hung loosely from the animal. Some sealslosta
foreflipper or hindflipper and in one case most of
the proboscis. Some animals were bitten several
times.

The majority of injured seals survived and re-
cuperated rapidly. Infected wounds were rarely
observed. Only three elephant seals died on the
island or on the mainland following sharkinjury.
In September 1976, an 8%-mo-old female was
found dead with numerous deep lacerations and
teeth marks covering her body. In December
1977, a 1-wk-old pup washed up with its entire
sacral region amputated just below the umbili-
cus. In February 1978, a large 7-yr-old male died
on the island’s main breeding beach from mas-
sive shark wounds incurred within the previous
24 h. The most serious wounds consisted of two
large oval chunks of flesh missing from the left
side of the thoracic region (Fig. 2e). The bites
measured 61 and 69 cm wide, 61 em high, and 30
cm deep. No bite penetrated the body cavity al-
though some muscle was removed and a rib was
partly exposed.

Most female elephant seals bitten by sharks
shortly before giving birth failed to wean their
pups successfully. One female gave birth to a
stillborn and returned to sea immediately. Seven

females either abandoned their pups shortly
after parturition or they were unable to care for
them adequately. Four of these pups died; the
eventual status of the other three pups could not
be determined. The three females who were sue-
cessful in weaning their pups appeared to have
sustained the least serious injuries. All injured
females remained in the harem for a much short-
er period than normal. No injured female was
observed to copulate, as uninjured females do,
just before returning to sea. Thus, most injured
females not only failed to produce a pup during
the year of injury, but if they failed to copulate,
they did not reproduce in the subsequent year as
well.

Discussion

The data on stomach contents of white sharks
presented in this paper is conclusive evidence
that this shark preys on elephant seals and har-
bor seals in southern and central California wa-
ters.

We hypothesize that shark-inflicted injuries to
northern elephant seals at Afic Nuevo were
caused primarily by white sharks. This hypothe-
sis is supported by:

1) Data from a white shark that washed ashore
at Afio Nuevo Bay whose stomach contained
the remains of an elephant seal (Table 2).

2) Observation of white sharks in the area.
Twice during the summer of 1970 seal re-
searchers saw white sharks measuring
about 4.5 m from a dinghy 100 m south of
the island. Party boat operators and fisher-
men reported seeing white sharks in this
area several times during the last decade.
Anglers report that white sharks occasion-
ally attack large lingeod, Ophidon elonga-
tus, when they are caught on hook and line;
the sharks surface and circle boats, espe-
cially when fishing stops (Miller and Col-
lier 1980).

3) An observed white shark attack of a northern
elephant seal near Afio Nuevo Island. This
occurred on 1 February 1981,

4) The large size of shark bites. This indicates
that they were caused by large sharks.
White sharks may also be responsible for
injuries to elephant seals on other rookeries
in California (Ainley et al. 1981) and in
Mexico (Townsend 1885; B. Le Boeuf, pers.
obs.).
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FIGURE 2.—A variety of shark-inflicted wounds observed on elephant seals and sea lions at Ano Nuevo. A crescent shaped wound (a)
and toothprints (b) on adult male elephant seals. A crescent bite on the dorsal posterior of an adult female elephant seal (¢) and a
Jarge imprint of both jaws on an adult female with a blind left eye (d). Two large chunks of flesh bitten off the left side of an adult
male elephant seal who subsequently died from his wounds (e). A California sea lion bearing a recently inflicted shark injury (f).

The results of this study support and augment
those of Ainley et al. (1981) on South Farallon
Island near San Francisco, Calif. They found
that white sharks were responsible for most of
the shark attacks observed on pinnipeds in the
waters surrounding the island during the period
September 1970 to February 1979. Northern ele-
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phant seals were attacked more frequently than
harbor seals and sea lions, and shark-bitten fe-
male elephant seals exhibited low reproductive
success.

Shark attacks on elephant seals of Aho Nuevo
Island and South Farallon Island (Ainley et al.
1981) appear to be increasing, but more data



based on continued monitoring is necessary to
confirm this point. Periodic increases in shark
attacks of the magnitude found in these two
studies may be related to several possible factors:
The well-documented increase in elephant seals
(Le Boeuf and Bonnell 1980), an increase in abun-
dance of sharks, or to one or a few relatively inept
predators at work.
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VERTICAL STRATIFICATION OF THREE
NEARSHORE SOUTHERN CALIFORNIA
LARVAL FISHES (ENGRAULIS MORDAX,
GENYONEMUS LINEATUS, AND
SERIPHUS POLITUS)

Length measurements of larval fish are most fre-
quently used in describing life stages (Moser and
Ahlstrom 1974), and the subsequent develop-
ment of population estimates (Kumar and Adams
1977). Field and laboratory observations are
used to construct growth models of larval fishes,
which are useful in predicting rates of growth
under various environmental conditions (Hunter
1976). When combined with observations of lar-
val abundance and distribution, length measure-
ments can be indicators of both larval and adult
ecology. Larval length-frequency data provide
information about adult distribution and abun-
dance, spawning periodicity, food preferences,
and behavioral transitions that oceur during de-
velopment (Gjgsaetor and Saetre 1974; Tanaka
1974).

Larval length-frequency distributions of three
species of fish were determined in conjunction
with a study of the effects of a power plant off-
shore cooling water intake on local nekton popu-
lations. The three species chosen [northern an-
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